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developments as represented, for example, in G. Moore’s book on Zermelo, 
which has subsequently appeared. In fact, the student of Frege can now enjoy a 
selection of introductions to his mathematical philosophy (e.g., Michael Dum- 
mett’s two volumes and Crispin Wright’s even more recent study) and can dip into 
Hans Sluga’s contribution on Frege to the Arguments of the Philosophers series 
for thorough historical investigation. Problems in interpreting Frege remain open, 
but Dr. Gillies has little opportunity to deal with them in his brief treatment. 
Perhaps a note on the typography of the book is in order. The misprints (drop- 
ping a parenthesis or quotation marks, misspellings, and transpositions) are never 
serious. The problem is that any book which seeks to encompass the idiosyncratic 
notations of both Frege and Peano faces a heavy burden; the mixture of Roman, 
italic, and bold faces helps to prepare the reader for what is coming but lacks 
legibility itself. The example of Maxwell’s equations given on page 28, and the 
printer’s use of inverted “e” for the partial differentiation sign, present another 
hurdle for the author to overcome when the material is already hard enough. 
Perhaps the book is best seen as an introduction to the philosophy of mathemat- 
ics which happens to take certain figures in the 19th century as central. The author 
briefly refers to his conviction that Sir Karl Popper’s views on mathematical 
reality are closer to the truth than those examined here, but again he does not have 
the space to set them out for judgment. Some of the basic issues in the philosophy 
of mathematics do not have a chance to emerge in the framework adopted herein, 
while historical details suffer from the same crowding. If the author had given 
himself more space in which to attack the variety of problems and issues which he 
raises, it would have been easier for him to do justice to his perspective on the 
connections between these founders of mathematical logic. 
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Over the past quarter of a century there has been a tremendous expansion of 
research on the life and work of Isaac Newton. Among the outstanding publica- 
tions that have appeared are the Royal Society edition of Newton’s Correspon- 
dence, the edition of the Principiu with variant readings undertaken jointly by 
Alexandre Koyre and I. Bernard Cohen, to which the latter has supplied a schol- 
arly Introduction and the monumental edition of the Mathematical Papers by 
D. T. Whiteside. To this selection of impressive contributions to Newtonian 
scholarship may now be added Richard S. Westfall’s biography, the fruit of 
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twenty years’ research into the sources, both manuscript and printed, both pri- 
mary and secondary. 
The central character of this biography is Newton the scientist, a solitary genius 
who lived largely in the setting of his own study, though the other roles in which 
he appeared, as theologian, alchemist, Warden and later Master of the Mint, also 
find a place. In justification of the emphasis on Newton the scientist, Westfall 
points out that it is for his work in this field that Newton is remembered today. 
The biography, however, is in no sense an essay on Newtonian science, for the 
author has set himself the more difficult task, in the performance of which he 
succeeds to a remarkable degree, of tracing the emergence and development of 
Newton’s concepts and theories in the context of his scientific career. Although 
there is a wealth of detail, all carefully documented, this is arranged with consider- 
able skill; each chapter tells a story, so that the interest of the reader is maintained 
throughout in what is a very long book. 
Following an introduction describing briefly the new science [ 11 Newton would 
find in Cambridge, the biography opens with an account of Newton’s boyhood in 
Woolsthorpe and his entry to Cambridge, where he became solitary and dejected, 
experiencing some kind of religious crisis in the summer of 1662. The poor state of 
instruction and lack of attention to formal requirements in Cambridge at this time 
were advantages for a student of Newton’s ability, for they gave him the opportu- 
nity to study the most recent discoveries in mathematics and natural sciences on 
his own. Westfall finds that the usual accounts of the Plague years neglect the 
continuity of Newton’s development. Although by the end of 1666 he had laid the 
foundations of his work in mathematics, mechanics, and optics-and in fact had 
become the leading mathematician in Europe (though nobody knew)-years of 
thinking lay ahead before he was in command of the results that have made his 
reputation. The circumstances surrounding the progress of Newton’s academic 
career through the stages leading to full membership of the College and University 
and to his appointment as Lucasian Professor are described in some detail. Also 
described are his study of alchemy, beginning in 1669, and the work in optics 
leading to his explanation of colors in a letter to Oldenburg early in 1672; the 
latter established Newton’s reputation in the world of natural philosophy and 
also involved him in disputes that he would have preferred to avoid. There 
follows a general account of the correspondence with Leibniz, which was later 
used by Newton as evidence in the priority dispute on the invention of the 
calculus. 
By the end of 1676, Newton was absorbed in the study of theology and alchemy 
and virtually cut himself off from the scientific community. The unwanted corre- 
spondence with Hooke in 1679 brought him back to the problem of planetary 
motion, while Halley’s visit in August 1684 changed the course of Newton’s life 
by determining his resolve to compose and publish the Principia. Meanwhile, 
under the influence of alchemy, his philosophy of nature had undergone a pro- 
found change, which Westfall describes, documents, and analyzes. 
Following publication of the Principiu, Newton played a leading role in the 
defense of the University against James II, which led to Newton’s representing 
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the University in Parliament under William III. The efforts of his friends eventu- 
ally led to his appointment to the Mint and a knighthood bestowed by Queen 
Anne. Although the post of Warden had become a sinecure at the time Newton 
was appointed, he took his duties seriously and applied his considerable adminis- 
trative ability to introduce needed reforms. This work and the opposition and 
difficulties he encountered at the Mint are described by Westfall in some detail. 
Meanwhile, Newton used his influence in the University to place his disciples in 
chairs, and attended to correcting the Principia. In 1693 he suffered a depressive 
illness-evident from paranoid remarks in letters to Locke and Pepys, although it 
is far from established that the cause was chronic mercury-poisoning arising from 
studies in alchemy he pursued at this time [2]. A number of possible causes are 
suggested by Westfall, including a variant of the exhaustion theory and Newton’s 
enigmatic relationship with Fatio de Duillier. 
On November 30, 1703, following the death of Hooke, Newton was elected 
President of the Royal Society, a position he held (not without opposition, West- 
fall notes) for the rest of his life. Until his declining years he served in this office 
with dedication to his obligations. However, Newton was not entirely blameless 
in his treatment of Flamsteed, and he was ungrateful to Cotes, who had edited the 
second edition of the Principiu (1713). Besides bringing out a third edition of the 
Principiu (1727), Newton also gave attention in his later years to the publication of 
his works in mathematics and optics. From 1711 onward, however, the priority 
dispute with Leibniz became increasingly bitter, leading to an investigation by the 
Royal Society in which Newton acted as judge in his own case. In his treatment of 
this dispute, Westfall does not concern himself with the question of priority-his 
summary of the accepted conclusions in this matter is unexceptionable-but 
rather with the inability of Newton and Leibniz to share the discovery. 
Instead of a bibliography (there is a recent one already in existence; see [3]), 
Westfall concludes the work with a bibliographical essay, which serves as an 
introduction to the literature. 
Throughout the biography, Westfall has succeeded admirably in presenting a 
balanced view, commendably avoiding polemics in relation to questions on which 
differences of opinion exist. On some important points, however, Westfall’s ac- 
count may be amplified. To this end, the following comments are offered as 
constructive footnotes to what is an excellent biography. 
According to Westfall (p. 271), Newton’s “hypothesis explaining the properties 
of light,” communicated to Oldenburg in 1675, “contains the first known hint of 
the concept of universal gravitation in Newton’s papers.” However, although 
Newton’s hypothesis explains how heavy bodies are impelled to the earth (or 
planets to the sun), there is no suggestion that the earth (or sun) is impelled in the 
opposite direction, nor that terrestrial bodies are impelled toward one another [4]. 
Section IX of Book II of the Principiu, attacking the theory of vortices, is 
described by Westfall as the “coup de grace” (p. 456) to Cartesian natural philos- 
ophy. However, in his analysis of vortex notion [5], Newton first supposes that 
the layers are solid, then claims that making them fluid will leave the motion 
unchanged, though adding as an afterthought that “there must be some cause 
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operating to retain the several particles in their circles”; this must surely cast 
doubt on his ability to refute the vortex theory by sound dynamical arguments [6]. 
A question of fundamental importance relating to the Principiu is whether New- 
ton, as Westfall asserts (p. 413), succeeded in deriving Kepler’s three laws. In the 
first edition of the Principiu [7], having demonstrated the inverse-square law of 
force for a body moving in an ellipse, hyperbola, or parabola, he states the corol- 
lary (though without proof), that a body moving under a centripetal force varying 
inversely as the square of the distance must describe a conic section. Newton 
himself certainly regarded the result as established, and in the second edition he 
added an outline of a geometrical demonstration. Meanwhile, Johann Bernoulli 
and Jakob Hermann, no doubt assisted by Newton’s proposition 41 of Book I, had 
arrived at independent analytical demonstrations of this fundamental result [8]. 
The absence of a demonstration in the first edition of the Principiu of the answer 
that Newton presumably gave to Halley-namely that under an inverse-square 
law of centripetal force, a planet would move in an ellipse-is an intriguing 
problem. 
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In this fresh look at the American past, Patricia Cline Cohen focuses on how 
numbers attained a distinctive, even paramount, role in defining how reality was 
perceived, particularly during the Jacksonian era in the antebellum United States. 
